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Sunday, February 3, 2013 107aaccumulation of metabolites. Several important intracellular Ca2þ signaling
proteins are drug binding targets, including the ryanodine receptor Ca2þ release
channel (RyR2), the Ca2þ-binding protein calsequestrin (CSQ2) and the Sarco/
Endoplasmic Reticulum Ca2þ-ATPase (SERCA2a). We previously showed
that the anthracycline doxorubicin modulates RyR2 through at least two mech-
anisms, including ligand binding and thiol oxidation.
RyR2 luminal Ca2þ sensitivity is integral to stable RyR2 function and cardiac
cycling and, given that the luminal Ca2þ sensors RyR2 and CSQ2 are anthra-
cycline targets, we tested our first hypothesis that the anthracycline doxorubi-
cinol alters RyR2 sensitivity to store Ca2þ load. In lipid bilayers, RyR2
activity from untreated channels increased as luminal Ca2þ was raised from
0.1mM to 1.5mM, which would allow robust release of Ca2þ at the end of
diastole. Pre-treatment with 2.5mM doxorubicinol completely abolished
RyR2 sensitivity to changes in luminal [Ca2þ]. Pre-treatment of RyR2 with
DTT (to reduce RyR2) prior to doxorubicinol addition illustrated that
doxorubicinol-induced thiol oxidation only partially contributes to the loss
of luminal Ca2þ sensitivity. Astoundingly, control experiments showed that
oxidative reduction of RyR2 reversed luminal Ca2þ sensitivity, with RyR2 ac-
tivity decreasing in response to increased luminal [Ca2þ]. Our second hypoth-
esis, that anthracyclines depress SERCA activity, was tested. Doxorubicinol
inhibited SERCA2a Ca2þ uptake, and this was prevented by DTT pretreat-
ment. These results provide compelling evidence that altered Ca2þ handling
plays an important role anthracycline-mediated arrhythmia and that RyR2
sensitivity to luminal Ca2þ is in part, dictated by the redox state of the
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In the heart, Ca2þ release through the Ryanodine Receptors (RyR2) is a high
integrated process that can be regulated by several accessory proteins. Sorcin
(SOR) and Calsequestrin (CSQ2) are two Ca2þ binding proteins that can inter-
act with RyR2 modulating the kinetic properties of this channel. However, at
the cellular level the molecular mechanism that underlies this possible regula-
tion is still unclear. In order to address this question we implemented an inte-
grated experimental approach to assess the hypothesis that SOR and CSQ2
regulate the SR Ca2þ release process under physiological conditions. Specifi-
cally, we generated transgenic mice by breeding SOR-/- and CSQ2-/- animals.
A completed qPCR transcriptional study was carried out in the entire popula-
tion in order to address if the mRNA levels for other genes were altered during
the generation of the murine strains. Interestingly, we found that the mRNA’s
level for RyR2 and Phospholamban were significantly decreased in CSQ-/- an-
imals. Additionally, subcellular Ca2þ dynamics were evaluated by measuring
Ca2þ sparks, Ca2þ transients and restitution experiments in isolated myocytes
by means of confocal microscopy under physiological temperatures. Animals
in which SOR and CSQ2 genes were simultaneously ablated presented a dra-
matic increase in the time to peak of Ca2þ sparks (41.250.30 vs.
18.950.30 ms) and Ca2þ transients (37.850.09 vs. 19.550.12 ms). Moreover,
the double ablation of SOR and CSQ2 significantly changed the refractoriness
of Ca2þ release. Summarizing, the data presented here indicates that although
the SOR-/- itself cannot produce any changes in excitation contraction cou-
pling, in combination with the CSQ2-/- can promote significant changes in
the Ca2þ. However, most of the alterations observed in the double KOs’
were not significantly different than those observed for the CSQ2-/- itself. Sup-
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We have previously shown (Ferrantini et al 2010, Biophysical Journal98(3) pp.
5a) that formamide-induced osmotic shock is effective in achieving acute de-
tachment of t-tubules from the surface in thin (< 200 mm thickness) rodent ven-
tricular trabeculae, in which mechanical measurements can be performed in
isometric conditions. Here, disconnection of t-tubules from the sarcolemma
is verified by two-photon fluorescence imaging of labelled membrane and by
directly probing the absence of tubular action potential by Random Access
Multi-Photon (RAMP) microscopy. Formamide-induced detubulation in intact
myocardium is incomplete and variable between different myocytes. This re-
sembles t-tubule remodelling observed in disease settings. Simultaneous mea-
surements of Force and Ca2þ transients in Fura-2 loaded trabeculae show that
acute detachment of t-tubules leads to reduced twitch force and Ca2þ transient
amplitude, impairment of the positive inotropic effect of high stimulus-rate,
slower kinetics of contraction and prolonged Ca2þ transients that exhibit asyn-
chronous time-course between different regions of the muscle. The DHPR
blocker (Lacidipine) and the NCX blocker (SN-6) are used to prove that: (i)
loss of tubular ICa-L accounts for the reduction of force and Ca
2þ-transient am-
plitude at both low and high pacing rates; (ii) loss of INCX contributes to the re-
duction in amplitude at high stimulation rates and plays a role in the
prolongation of force relaxation and Ca2þ transient decay. Caffeine, applied
at low doses (200 mM) to detubulated myocardium to increase RyR2 open prob-
ability, is able to re-synchronize Ca2þ transients within the muscle and partially
reverse the loss of contractility at high stimulation rates. Simultaneous record-
ings of local Ca2þ release and action potential in the tubular network of single
detubulated cardiomyocytes by RAMP microscopy indicate that non-uniform
Ca2þrelease plays a major role in detubulation-induced mechanical
dysfunction.
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Calcium signaling in cardiomyocytes is strongly influenced by the topology of
the sarcolemma (SL) and the distribution and clustering of sarcolemmal Ca2þ
transporters, including the L-type Ca2þ channel (LCC) and sodium-calcium ex-
changer (NCX). Cardiac ventricular myocytes contain dense networks of cell
membrane invaginations called t-tubules (TTs), which contain SL transporters
that trigger Ca2þ release from the channel of the sarcoplasmic reticulum (SR),
known as ryanodine receptor (RyR). The TT network ensures uniformity of the
Ca2þ transient, and pathological remodeling of TT-network produces heteroge-
neous Ca2þ transients. This remodeling reduces the density of SL Ca2þ trans-
porters and perturbs the topology of the space into which Ca2þ diffuses. The
extent to which these factors contribute to the non-uniform Ca2þ transient ob-
served in remodeled cells is however unclear. In this study, we examined
a 9x5x6 mm subcellular region of a rabbit ventricular myocyte with confocal
microscope. We inferred LCC cluster distribution statistics from localized
RyR clusters data. We solved time-dependent reaction-diffusion equations de-
scribing important sources of sarcolemmal transport and cytosolic buffering
and diffusion of Ca2þ. We found that the local Ca2þ gradients’ profiles are
influenced predominantly by the distribution of SL Ca2þ transporters and sec-
ondarily by the configuration of TTs. Our results also suggest that the early
stages of the Ca2þ transient, prior to SR release, are sensitive to LCC cluster
distribution and TT configuration.
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